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HYDROLOGY OF THE LAKE MINNETONKA 
WATERSHED. ! 


Lake Minnetonka covers an area of 23 square miles and 
receives its supply from an area of 115 square miles. It is 
situated in Hennepin County, Minn., at an elevation of 915 
feet above sea level and is from 8 to 20 miles west of Min- 
neapolis, the metropolis of the State. Its central point is 
located in latitude 44° 56’ N. and longitude 93° 86’ W. 

The basin is of glacial formation, and its surface is roll- 
ing, interspersed with many marshes of irregular outline 
and varying extent, and was formerly covered with a large 
body of timber known as the ‘‘big woods.” The surface soil 
is from 1 to 2 feet in depth, of rich loam, with a clay sub- * 
soil of unknown depth. . 
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Fig. 1.—Outline of lake and watershed. (Each square represents 
mile. ) 
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There are occasionally found pockets of sand throughout 
the basin, but none of great extent, nor any that can be 
traced as water-carrying strata. In 1864, the year of the 
writer’s first acquaintance with this watershed (which knowl- 
edge was considerably enlarged by surveys and explorations 
during subsequent years), the amount of forest land was ap- 

roximately 75 per cent of the entire land area. At present it 
Badly exceeds 20 per cent, the loss occurring entirely through 
the cultivation of its fertile soil. 

By reference to Fig. { it will beseen that the outline of the 








1 Reprinted from Monthly Weather Review, January, 1899. 
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lake is very irregular, with an extreme breadth of 5 miles and 
a length of 11 miles, the shore line is almost exactly 100 miles 
in extent, a feature which will be found of considerable 1m- 
portance in determining the proportion of precipitation 
which enters the lake from the adjacent land. 

During the years 1894 and 1895 the writer made a series of 
soundings covering the entire lake, aggregating many thou- 
sands in number, for the purpose not only of determining the 
depth but also the character of the bottom. The depth in 
the larger portion of the lake was from 30 to 100 feet, the 
former being a fair average for the entire lake. The bottom 
was found invariably covered with vegetable matter and soft 
mud, which deposit has been produced by the washings from 
the hillsides and the decay of vegetable matter growing in 
the lake, and which has resulted in making the bed of the 
lake literally water-tight. I am so well satisfied from long- 
continued observations of the imperviousness of this bed that 
I have not allowed the factor of infiltration to enter into my 
calculations. 

There are no springs of any consequence within several 
miles of the lake except that known as Purgatory, situated 
about two miles from its southeastern extremity and about 
one mile outside the watershed. It was supposed for years 
by many residents that this spring received its supply through 
underground sources from the lake, but a careful survey de- 
monstrated the fact that its supply was received from an 
independent drainage area, mainly covered with tamarack 
swamp and meadows, which served to produce a fairly reg- 
ular flow. : 

With the foregoing description in mind we will proceed to 
consider the conditions of supply and discharge. 


RAINFALL. 


The average rainfall at Minneapolis and Lake Minnetonka 
from 1881 to 1898, inclusive, is 28.14 inches, which latter 
figure has been used in my calculations, as it was during these 
years only that the records of rise and fall were kept. The 
rainfall by years was as follows: 





























Years. Yearly. | Summer. | Winter. Years. Yearly. | Summer.| Winter. 
Inches. Inches. Inches. Inches. Inches. | Inches. 

a Reich beac hnroee 34.73 ahferae y 1890.5 shes 27.08 22.18 5.4 
i helo ee as 22.95 16.11 TOS WASSIME nae 26.97 17.88 7.63 
A been Mite Sa 26 98 21.00 G4 TEAS Oe ee cate onl 37.90 38.11 6.71 
TS84:iesmrence ¢ 29.68 22.81 A SSQe le) SOS mi steet ey 32.17 23.35 7.42 
TSS5e esate 26. 66 23.42 G97 ALSO erase 22.80 nvr We 8.54 
TSBO Ee oe eles 29.58 20.65 8.16 Hil 895) eee 21.44 18.85 4.36 
A oot SP Ate rarer 32.79 23.80 O28 FN 1896 see eee 30.65 a OR 10.11 
ike oto aoe oe 380. 12 24, 24 ADS tl LOOT seiner 30.50 23. 82 4.24 
toot! a IR pase 18. 36 12.55 G4: I) L898h sires ee Beal 21105 eke eee 








Making an average yearly. fall, as before stated, of 28.14 
inches, which I have divided, as above, into two parts, show- 





5 


ing the fall during that part of the year when the lake was 
open and in that part when it was covered with ice, the lat- 
ter period generally comprising the months of November, 
December, January, February, and March. 

The average precipitation in this vicinity for fifty-three 
years ending with 1898 is 27.29 inches. The earlier years of 
this period were taken from the Fort Snelling records 20 miles 
east by south. A large majority were from the Minneapolis 
observations taken 15 miles east, while those for the past 
eighteen months were from observations taken at the lake. 

The averages for these two periods are 21.78 and 6.89, re- 
spectively. 


PROPORTION OF WATER THAT REACHES THE LAKE. 


Great difficulty in determining the coefficient of available 
rainfall, or the so-called percentage of “run off,” has always 
been experienced and must depend largely upon the judg- 
ment of the investigator, except when assisted by actual 
measurement of the stream carrying the run off and by long- 
continued and carefully kept records of evaporation. 

The first series of measurements of Minnehaha Creek, the 
only outlet of the lake, were taken during the years 1871 to 
1878 and resulted in showing an average discharge of 75 to 
90 cubic feet of water per second, the latter of which would 
give about 0.80 cubic foot per second per square mile of 
drainage area, an estimate considerably higher than the aver- 
age of Minnesota watersheds. 

“After the spring of 1881 the writer established a system of 
water gauges on the lake, which have been earefully main- 
tained ever since, and from this record has been prepared a 
profile of the various stages of water, shown on Fig. 4. It 
will be noticed by this profile that there were three periods 
during which no water ran out of the lake, the first com- 
prising a period of thirty-two and one-third months, from 
September 15, 1889, to May 25, 1892; the second from August 
15, 1895, to April 15, 1896; and the third from July 15, 1896, 
to February 15, 1897. The very small amount that flowed 
out during the early part of the first period has been disre- 
garded as not being sufficient to affect the calculations. 

There were a number of other periods, of from one to two 
months, during which the flow of the creek was stopped by a 
dam a few miles below the outlet, and during such periods of 
dead water daily observations were taken of the rise and fall 
of the lake, rainfall, inflow, etc., for the purpose of determin- 
ing the evaporation, and at one time such records were kept 
for about five hundred consecutive days. 

Frequent measurements were also made of the flow from 
the lake at every stage of water, and while these observations 
were not continuous, sufficient were taken to insure a fairly 
accurate result. From these various measurements, among 


Which the rise and fall, have been continuously kept for 
eighteen years, I- have estimated the percentage of rainfall 
collected by the lake at 42, and while this is seemingly in 
excess of the amount generally considered as available from 
a watershed of this nature, it must be noticed, by an examl- 
nation of Fig. 1, that 85 square miles of the watershed lie 
within 1 mile of the lake and within the next mile zone there 
are 20 more square miles of drainage ground. 
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Fig. 2.—Evaporation and rainfall. 


These conditions are favorable to a very large factor of 
available rainfall over at least 60 per cent of the gathering 
ground, and this factor would, in time of heavy showers, when 
the soil was highly saturated, probably reach as high as 75 
percent. From such conditions I consider the general factor 
of 42 per cent as close as can be attained. 


EVAPORATION. 


This factor was not obtained from the use of evaporating 
pans, but by actual measurement on the entire lake surface 
during the times when the lake was a closed basin. 

During these periods several gauges were established at dif- 
ferent points on the lake, from 3 to 5 miles apart, and simul- 
taneous readings taken. From these observations, carefully 
checked, I append the following table of monthly evaporation 
from a natural water surface in this vicinity: 





Inches 

POUL O RELOAD TIN ate POE sce 4 « ic ccocbee' Ves. exuke has} 
LOR) ioe Re abe Spanley nay gies 5 et i oe aR 207 
SILO eh ig al eA Eo 4.7 
SUID peer t ae eN Te Ay coche a Os 805 ee Pee bciaw se 5. 9 
INU Se SE ES TES POE A eR An RS alge wo tT 6.5 
PMC abies Surat e A a whe eT Le wid Saletine S optus 6.5 
DE PEE UTOGT Ch Maier tore fea ay a Clare lee oad Meee ah 5. 4 
UE ON IEPA SR Ea NL TRE, Seog Ey ne i i i ena Bel 
November 1 to November 15...........----s-s---.. 0.7 
BVBLOUAL: OL ara agers var cee ier sap hs aa se, roe SE we 39. 8 


I refer, by permission, to the report of Mr. Tracy Lyon, 

_ master mechanic of the Chicago Great Western Railway, who, 

ina report to the White Bear Lake Improvement Association 

ata , gives the evaporation from the surface of the lake as 
ollows: 


Inches 
BR TWD Ac Sc die ok Abr aon Ose eee er a Ae a ar 0.5 
MCOsTT IAT Vb Meme eae A es ees Ades Doe Sede he ee 0.47. 
EPO lee eh ee ete ek itis Oye Oks Sone nee eee tne ne ees 133 
PACT ame Nee> es eee fea SPC Shes he whe BE ee Rak Siew we eS 2. 4 
Welch Valerie Meche sor ones 4 Neco ty uae a 2 5 3 amma ee ee: } where 3. 8 
JOUER Ro, FR AMES Be ESA rae ORR eR ng Alcs he i EE DIO 
“eR gs BAG SPR pee abe (ie ated oe eg ra res eee eae ne Pane Gr2 
ERATE, Se a) Ee eC CO rar re ee ghar 5.9 
SS UCLLEL ERD SIS ise ELSON Ck ane RT NEC oc oR ar gO 4.8 
LOM DU eee Cee ee ee Ante hal Ghih tet, ue ile Moe oe op 3. 4 
I @NATEN EAT OCF alg GA ete Sie aR eee Rc et aa a 2.1 
WMecempPer wae. ge ce es Ss Ba 1. eas WN HAS N Beate 0.9% 
BAD | akc Nh Aaah A ig RR ee a ae aa CRS lh 37.0 


As to the evaporation during the months when the lake was 
covered with ice, this has been determined in several ways; 
first, by an actual measurement of the fall of water during 
the winter, including a period commencing after the freezing 
of the ground and ending before the spring supply was released 
from the land; second, by measurement of the loss of snow 
in places protected from interference by other agencies. For 
some observations on evaporation from ice and snow surfaces 
at low temperatures the writer would refer to the following: 

Fitzgerald on Evaporation, Transactions of American So- 
ciety of Civil Engineers, Vol. XV, pages 610 and 614. 

Fanning’s Water Supply Engineering, page 87. 

Loomis’s Treatise on Meteorology, page 56. 

Greely’s Report, Expedition, Lady Franklin Bay, Vol. II, 
pages 366, 370, 371. 

Hayes’s Arctic Boat Journey, 1854, page 157. 

Richardson’s Franklin Search Expedition, page 299. 

Hayes’s Voyage of Discovery Toward the North Pole, 1861. 

Four of these refer to evaporation in high northern lati- 
tudes, under temperatures from 50° to 90° below freezing 

oint. 
4 Fig. 3 shows the monthly ratios of outflow from the lake, 
together with the curve of the same for the St. Croix River, 
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which enters the Mississippi about 50 miles southeasterly, 
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Fie, 3.—Monthly ratio of flow, Minnehaha Creek and St. Croix River. 


the watershed of which very closely approximates in its sur- 
face conditions that of Lake Minnetonka. 


RUN OFF. 


The actual run off in any stream may be determined by 
the following formule: 
For a watershed without lakes 
f= 0.884 LBRO. 
For a watershed with large lakes as receiving reservoirs 
F=(R+ a — EF) x 0.884 W, in which 
FF’ = Flow in cubic feet per second. 
Rk = Precipitation in feet. 
L = Land surface of watershed in square miles. 
W = Water surface of reservoirs in square miles. 
/ = Evaporation in feet. 3 
C = Coefficient of available rainfall. 
The constant 0.884 is equal to the number of feet in a 
square mile divided by the seconds in a year. 
With a watershed of 115 square miles, of which 90 miles is 
land surface, the following will be the conditions for the flow 
of Minnehaha Creek: 


L = 90. 
oH = 2.345, 
W = 252 
EL = 3.817. 
C = 0.42. 


Applying the formula, we have: 





1 Though the lake proper is but 23 square miles in extent, there are 
2 square miles of adjoining marshy shores which for all purposes of 
storage and evaporation are assumed to be part of the lake. 
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F = 56.86 cubic feet per second as the average yearly flow 
or discharge from Lake Minnetonka. By using the first 
formula for the flow from the land surface into the lake, 
fF = 78.34 cubic feet per second, leaving 21.48 cubic feet per 
second, in addition to the rainfall of 2.345 feet on the lake 
surface as entirely lost by evaporation; a total loss of 39.8 
inches, or 3.317 feet. From the foregoing observations and 
calculations, I offer the following conclusions concerning this 
watershed: : 3 


Be rele yrs. Siok kiitos vi arn wth Cy cal iede 115 square miles. 
Land area, including small lakes ........... 90 square miles. 
PR Ce MIDUCLON KS... pe ss <n teg sen en wae es 25 square miles. 
Pe nuAleprecipltation s.8 . 20s os baw he. -.... 2,345 feet. , 
Annual evaporation from lake.............. 3.917 feet. 
Coefficient of available rainfall............. 0.42. 

Run off per second from land surface to lake. 78.34 cubic feet. 
Run off per second from lake............... 56.86 cubic feet. 
Precipitation per second per square mile.... 2.073 cubic feet. 


Run off to lake per second per square mile.. 0.870 cubic feet. 
Run off from lake per second per square mile. 0.494 cubic feet. 
Proportion of run off to precipitation ....... 23.83 per cent. 


It will be interesting to note the gradual decrease in the 
average stage of water in this lake, as shown by the water 
gauge records. Commencing at 1885 and taking the average 
of the three preceding years as a starting point, the succeed- 
ing averages are as follows: 





Year. | Averages.|) Year. | Averages.|) Year. | Averages. 





Feet. Feet. Feet. 


1885 221.29 1890 220.52 1895 220.20 
1886 221.08 1891 220. 28 1896 220.08 
1887 220.93 1892 220.21 1897 220. 02 
1888 “220. 97 1893 220.29 1898 220.00 


1889 220.78 1894 220.30 





























As the years 1882 and 1883 were years of exceedingly high 
water it will not do to assume that the average stage has low- 
ered 1.29 foot since 1885. I think, however, that during the 
past thirty years there has been at least one foot of lowering 
of the average stage which has undoubtedly been caused by 
the increase of evaporation from the land surface and con- 
sequent decrease of the coefficient of available rainfall.’ 

The run off from land surface to lake during the several 
months is estimated as follows: as. 

November 15 to April 1 precipitation 5.67 inches, of which 
4.3 inches evaporated from the lake surface, leaving a gain 
on the lake surface of 1.37 inch, to which must be added 


5.67 inches precipitation on the land surface, minus 3 inches 


lost by evaporation equal to 2.67 inches on 90 square miles. 
Of this land water 75 per cent reaches the lake in the spring 


flow. 
1This assumes that the average rainfall has not changed.—Ep. 















pad A ce 
Inches 
November.15 to April L-a_totalof = +...45 -s0 mes, one 12. 88° 
_ April, 75 per cent of land water plus rainfall 5 arate 11.40 © 

Md ay 660 cc eb ic eS SS CO A eae ee 11. 09 
June, 85 ée ce c¢ ce 66 Mis eee’ 8 8. 86 
JULY, 20 (ne ee th + Ms MS ee heaetes 6. 71 
Aug. 95 6 (a4 ce (a3 er HT Be rpg. ae 5. Te 
Sept. 30 ‘“ se Pee AL Co SY ee oe ae 
Ets a0 aed a a si 2 eee _ 5.66 
Now. 80508 eet ee ae ease it i ees 1.85. 
Total received in lake..... ivan Pegs pia apat ie Cae are 70. 58 
Less evaporation ........... ea Me EO, 39. 83 

Net:for discharge, cence sade nk foe eee 30. 7& i: 

The average flow of 56.86 cubic feet per second will dca —- 


from the lake a depth os 0.00717 feet per day, equal to 30. 88 | ee 
inches per year. ia 
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Fia. 4.—Profile of rise and fall. 


As a rule the entire winter precipitation, generally of snow, 4 
is retained on the land and lake surface until about April 
1, when all that remains after evaporation is carried very 
quickly by the spring thaw into the lake. a. 

Further experiments and measurements will be made by. aaa 
means of a weircut in the dam lately erected by the county __ 
at the outlet, and the daily flow determined more accurately, 
for the purpose of verifying or correcting the estimates of 
flow herein given. All of which results will be Disgaee to aa 
the public in due course of time. — 2 a 





1 Fifteen days. 
oe) 








